A TWINSPAN classification divides southern Africa (South Africa, Namibia, Botswana, Swaziland and Lesotho) into two main bryofloristic regions: (1) a subtropical or palaeotropical region in the northern, eastern and southern parts, characterised by a predominantly mesophytic moss flora, and (2) 
INTRODUCTION
The two main concepts in descriptive or floristic plant geography are the floristic region, and the floristic element (Birks, 1987; Myklestad & Birks, 1993; McLaughlin, 1994) . A floristic region, also known as a phytogeographical region, consists of geographical areas of similar floristic composition while a floristic element consists of plant taxa (e.g. species) of similar geographical distribution. Floristic regions cannot overlap geographically but they may share a number of taxa. A floristic region of any rank is also known as a phytochorion. A floristic region should not be confused with a centre of plant diversity or endemism (see Van Rooy, 2000; Procheş, 2005) which is a geographical area with a high concentration of plant taxa or endemics.
Although the taxonomy of tropical bryophytes, in particular tropical African bryophytes, has generally lagged behind that of northern temperate regions (Touw, 1974; Argent, 1979; Richards, 1984; Churchill, Griffin III & Lewis, 1995; O'Shea, 1997 O'Shea, , 2005 , considerable progress has been made in southern Africa (Buck & Thiers, 1989; Van Rooy, 2000; O'Shea, 2005) . However, until recently (Van Rooy, 2000) a detailed analysis of the diversity, endemism and distribution patterns of southern African mosses was lacking.
The main objective of this paper is to delimit and describe bryofloristic regions in southern Africa by means of a repeatable, numerical technique. This classification will hopefully contribute towards a new bryogeographical classification of the world, as proposed by Ochi (1973) , Lewis (1990) and Schofield (1992) .
MATERIALS AND METHODS

Study area
The study area occupies the southern tip of the African continent, or Africa south of the Kunene, Okavango and Limpopo Rivers (Fig. 1) . Known as the Flora of Southern Africa (FSA) region, it comprises the countries of South Africa, Namibia, Botswana, Swaziland and Lesotho, an area of c.2.7 million km² (Cowling, Richardson & Pierce, 1997) . The Indian Ocean forms the boundary on the eastern and southern sides while the Atlantic Ocean runs along the west coast. The northern boundary is not entirely natural (Werger, 1978b) and follows political boundaries between countries.
The southern African land-mass achieved its present general outline during the break-up of Gondwana (Moon & Dardis, 1988) . Today the subcontinent is characterised by a high interior plateau, bounded on three sides by the Great Escarpment (Partridge & Maud, 1987) . The plateau is tilted to the west and consists of elevated mountain massifs like the Lesotho Highlands, exceeding 3000 m in places, and large basins such as the Kalahari and Transvaal Bushveld. The escarpment comprises a number of distinct mountain ranges such as the Joubert's, Erongo and Naukluft in Namibia, the Kamiesberg of Namaqualand, the Roggeveld and Nuweveld of the Karoo, and the Drakensberg of KwaZulu-Natal, Mpumalanga and Limpopo.
Below the escarpment lies the coastal plain or Marginal Zone, 50 to 200 km wide, in places deeply dissected by river gorges. The Cape Fold Belt mountains in the southwestern corner of the subcontinent provide for the highest altitudes in this zone.
Data sets
All 503 southern African moss species and infraspecific taxa accepted by Van Rooy (2000) were included in the TWINSPAN Complete data set. Fortunately only two species, the FSA endemics Plaubelia involuta (Pottiaceae) and Pseudoleskeopsis unilateralis (Leskeaceae), were lost when outliers (species poor grids) were deleted for the TWINSPAN 3+ and 5+ data sets (see Van Rooy 2000) .
We chose ½° grid squares (Edwards & Leistner, 1971) in order to keep the data sets manageable and to reduce the effect of sampling (collecting) bias. In total 1036, ½° grid squares were selected to cover the entire FSA area, of which only 416, or 40% of the total number of grids, contained records of mosses (see map in Van Rooy, 2000) . Geographical distribution data was recorded directly from specimen labels in PRE (incorporating specimens from NH, Compton ex SAMH, and STE on permanent loan), specimens in other southern African herbaria (Magill, 1980) , type specimens received on loan, as well as literature records based on herbarium specimens (see Van Rooy, 2000) .
The presence/absence data matrix of the TWINSPAN 3+ data set therefore consists of 501 species/infraspecific taxa and 298 grids in which three or more species/infraspecific taxa have been recorded. The TWINSPAN 5+ data set consists of 501 species/infraspecific taxa and 252 grids with five or more species/infraspecific taxa recorded.
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Data analysis
The moss distribution data sets were subjected to classification by the computer program TWINSPAN (Hill, 1979) , a divisive, hierarchical classification technique that detects overall patterns of differences in biological data. Gauch & Whittaker (1981) found that certain advantages "make TWINSPAN the best general purpose method, especially when a data set is complex, noisy, large or unfamiliar", as with the moss distribution data sets used in this study. Default settings were used for all TWINSPAN parameters.
Bryofloristic classification
The bryofloristic classification is hierarchical and based exclusively on the results of the TWINSPAN 3+ and 5+ analyses. The International Code of Area Nomenclature (ICAN), an attempt to improve communication among biogeographers (Ebach et al. 2008) , suggests the following principal ranks, in descending order, for biogeographical areas: realm, region, dominion, province and district. However, we have chosen the formal ranks of region and domain for the bryofloristic areas at the 2 nd and 3 rd levels of TWINSPAN division.
RESULTS
The first and major TWINSPAN 3+ and 5+ division splits the grid squares into two main (Rutherford & Westfall, 1986; Low & Rebelo, 1996) .
Several aspects of the congruent and similarly named seed plant phytochorion have been described by White (1965 White ( , 1983 White ( , 1993 , Werger & Coetzee (1978) , species/infraspecific taxa in 10 genera and Dicranaceae with 15 species in five genera.
Fissidens (Fissidentaceae) with 13 species, Bryum (Bryaceae) with 12 species and Campylopus (Dicranaceae) with 11 species are the largest moss genera in the Zambezian Region.
Characteristic of this flora is the prominence of woodland taxa in the families Table Mountain in the Cape Peninsula and, in the TWINSPAN 3+ classification, north to the Cederberg ( Fig. 4) . The southern part of this region is therefore broken up into a series of Afromontane 'islands' or 'archipelagos', surrounded by the Karoo-Namib Region along the drier intermontane river valleys and other low-lying areas.
The seed plant vegetation of this region "is characterised by a recurring pattern of forest 'islands' in a 'sea' of grassland or heathland" (Meadows & Linder, 1993) . In general it can therefore be said that all areas with indigenous forest, large or small, belong to the Afromontane (bryofloristic) Region. Useful reviews and summaries of the seed plant phytochorion were written by Goldblatt (1978) , White (1983 White ( , 1993 , Meadows & Linder (1993) , Beentje et al. (1994) These families are also the largest in the southern African moss flora. Fissidens (Fissidentaceae) with 28 species, Bryum (Bryaceae) and Campylopus (Dicranaceae) with 19 species each and Funaria (Funariaceae) with 10 species are the most speciesrich genera in this region.
Characteristic of the Afromontane moss flora is the abundance of pleurocarpous mosses belonging to the Orders Hookeriales, Hypnobryales, Isobryales and Thuidiales. Most species in these groups occur in the forests, forest patches and wooded kloofs (White, 1978 (White, , 1983 Midgley et al., 1997; Mucina & Geldenhuys, 2006 ) that give the Afromontane region it's unique character. Although forests and forest patches represent a small area of this region, at least 48% of Afromontane mosses occur in this biome (Van Rooy, 2000) . It is generally accepted that mesic environments favour mosses with a pleurocarpous growth form (Vitt 1979 (Vitt , 1984 Buck & Vitt, 1986 ).
None of the moss families in southern Africa is endemic to any of the bryogeographical regions. The only moss family endemic to southern Africa, the monotypic Wardiaceae, is found in both the Afromontane and the Karoo-Namib
Regions but is largely restricted to the Afromontane Region. The following 11 families The Fontinalaceae (Isobryales), probably introduced from Europe (Magill & Van Rooy, 1998) 
Karoo-Namib Region (2/3)
Area. This is the second largest bryofloristic region in southern Africa, more or less congruent with the Karoo-Namib regional centre of endemism of White (1983) , which extends over an area of 661,000 km². The bryogeographical region is more or less contiguous in the arid to semi-arid, winter rainfall, southwestern corner of the study area, from Port Elizabeth in the Eastern Cape to Lüderitz in southern Namibia (Figs 4 & 5) . Both the TWINSPAN 3+ and 5+ classifications show three northern outliers in central Namibia as well as the eastern part of the Northern Cape. In the south the Karoo-Namib Region borders on three Afromontane 'islands' on the mountains of the Cape Fold Belt and follows the dry intermontane valleys down to the coastal plain between Gansbaai in the west and Mossel Bay in the east.
The more or less congruent seed plant phytochorion (Karoo-Namib or Succulent Karoo Region) is described in detail by Goldblatt (1978) , Werger (1978a) , White (1983) , Takhtajan (1986) , Hilton-Taylor (1987 , Jürgens (1991 ), Cowling et al. (1998 , 1999 and Van Wyk & Smith (2001) .
Composition of the moss flora. The moss flora of the Karoo-Namib Region is composed of 196 species/infraspecific taxa (39% of the total moss flora) representing 93 genera and 37 families (see Appendix 1 in Supplementary Information). Largest among the Karoo-Namib families is the Pottiaceae with 38 species/infraspecific taxa in 19 genera, the Dicranaceae with 19 species/infraspecific taxa in 10 genera and the Bryaceae with 16 species in five genera. The genus Fissidens (Fissidentaceae) with 11 species is the best represented in this region followed by Bryum (Bryaceae) with 10 species and Campylopus (Dicranaceae) and Funaria (Funariaceae) with seven species each.
The genera Acaulon, Crossidium, Cygnicollum, Leucoperichaetium, Microcrossidium and Pottia are diagnostic for the Karoo-Namib Region. All but two (Leucoperichaetium and Cygnicollum) belong to the Pottiaceae. At the time of the numerical analysis Cygnicollum of the family Funariaceae and Microcrossidium of the Pottiaceae (2% of genera in this region) were endemic to this region. However, moss endemism is expected to increase as a result of the recent discovery of three new moss genera restricted to this area (Hedderson & Zander, 2007 , 2008a , 2008b The moss flora of the Karoo-Namib Region consists mostly of xerophytic species of the Cape Element, and to a lesser degree the Eastern Highlands Element (Van Rooy, 2000) . None of the bryogeographical elements has its centre of distribution in this region and the Afromontane Forest Element is poorly represented.
Western Cape Domain (3/5)
Area. The largest of the two Karoo-Namib divisions, the Western Cape Domain covers an area of 54 grid squares, only seven northern grids less than the Karoo-Namib
Region. (Fig. 7) . It is more or less restricted to the winter rainfall region in the southwestern corner of southern Africa and is known as a centre of unparalleled succulent plant diversity (Hilton-Taylor, 1994; Cowling et al., 1998) .
For detailed descriptions of the more or less congruent seed plant (Succulent Karoo) phytochorion, see Werger (1978a) , Jürgens (1991) , Hilton-Taylor (1987 , 1996 , Hilton-Taylor & Le Roux (1989), Milton et al. (1997) , Cowling et al. (1998 Cowling et al. ( , 1999 and Van Wyk & Smith (2001) . is characterised by the presence of a substantial number of ephemerals. As in the case of the Karoo-Namib Region, the families Pottiaceae (37 species/infraspecific taxa in 19 genera), Dicranaceae (19 species in 10 genera) and Bryaceae (14 species in five genera) are the largest families while Fissidens (Fissidentaceae) with 10 species, Bryum (Bryaceae) with eight species and Campylopus (Dicranaceae) with seven species are the largest among the genera.
Namaqua Domain (3/6)
Area. The Namaqua Domain is scattered over seven TWINSPAN 5+ grid squares, situated in the most arid part of southern Africa (Fig. 7) , generally receiving less than 300 mm of rain per annum. As a result of the many empty grids in this area it is not possible to draw exact boundaries for this domain.
The seed plant flora, vegetation and phytogeography of the Namaqua Domain have been described by Werger (1978a) and Jürgens (1991) .
Composition of the moss flora. The Namaqua Domain has the smallest moss flora of all the domains with only 20 species in 15 genera and 10 families (Appendix 1 in Supplementary Information), none of which is diagnostic or endemic to the region.
The presence of xerophytic taxa and the absence of pleurocarpous taxa is striking. The families Pottiaceae (six species in five genera), Bryaceae (four species in two genera ) and Funariaceae (three species of Funaria) are the best represented in the region. The largest moss genera in the Namaqua Domain are Bryum (Bryaceae) and Funaria (Funariaceae) with three species each and Pseudocrossidium (Pottiaceae) with two species.
Highlands Region (2/4)
Area. The Highlands Region seems to cover the high altitude areas of the Interior The region has a temperate climate with summer rainfall, hot summers and cold winters with severe frost and occasional snowfalls. The seed plant vegetation can be classified into alpine and subalpine belts (Killick, 1963 (Killick, , 1978 . Although the exact position of the boundary between the Highlands and Afromontane, and Highlands and Karoo-Namib Regions is obscured by the coarse grain of the study as well as empty grid squares, it seems to follow the Great Escarpment for most of the way.
Characteristics of this bryofloristic region are similar to those of the KalahariHighveld transition zone of White (1983) , including the Drakensberg (Afro-alpine)
Region of Killick (1978 Killick ( , 1994 , as summarised by Goldblatt (1978) , Beentje et al. The Eastern Highlands Element dominates the moss flora of this region (Van Rooy, 2000) .
Drakensberg Alpine Domain (3/7)
Area. The Drakensberg Alpine Domain consists of 20 high altitude grid squares contiguous on and around the high plateau of Lesotho (Fig. 7) . in the Swartberg north of De Rust in the Western Cape (Fig. 6 ).
The climate is severe (broadly classified as temperate with summer rainfall) and the temperature is cool to hot in summer and cold to freezing with snowfalls in winter.
The vegetation of the high plateau of Lesotho (mostly above 2750 m) lies in the Alpine belt (Killick, 1963) and has been described as tundra (Killick 1997) . Geologically this domain is associated with basalt of the Drakensberg Formation.
Characteristics of the congruent seed plant region is described in detail by Killick (1963 Killick ( , 1978 Killick ( , 1990 Killick ( , 1994 Killick ( , 1997 , Schmitz (1984) and Carbutt & Edwards (2004 . and Northern Cape as well as Namibia (Fig. 7) . This domain occupies a lower altitude and lower rainfall area than the Drakensberg Alpine Domain. The first and major TWINSPAN division line is not clearly distinguishable, especially in the central and northern parts of the study area, mainly due to the many empty grid squares, but also as a result of the grain chosen for this study (Figs 2 & 3) . This is to be expected in an exploratory, broad-scale analysis where the general pattern of division is more important than the precise boundaries between groups. However, the main discontinuity in the data appears to coincide with sections of major geological, physiographical, climatic, ecological and phytogeographical division lines in southern Africa (van Rooy, 2000) . Whether this line represents the boundary between two bryofloristic kingdoms, or the boundary between phytochoria of a lower rank, is not clear at this stage and should be determined by a much broader study including the whole of Africa and other southern temperate areas. We therefore refrain from assigning a formal rank to the two main bryofloristic regions of southern Africa.
Composition
The main subtropical or palaeotropical region (1/1) occupies the northern, eastern and southern parts of southern Africa while the temperate or austral region 
